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COVERED STENT AND METHOD OF COVERING A STENT 

5 Background of the Invention 

Radially expandable stents are commonly used to restore and maintain 
the patency of body passages, particularly blood vessels. Such stents are provided in a 
reduced diameter state suitable for percutaneous insertion into the body passage through 
a catheter. The stent is typically maintained in the reduced diameter state until delivery 
1 0 into the body passage, whereupon the stent is expanded to an increased diameter state 
within the body passage to hold open the body passage. A catheter delivered balloon is 
typically used to expand the stent to the increased diameter state. 

A biocompatible cover can be provided on the outer and/or inner surfaces 
15 of the stent to reduce tissue reactions associated with the expansion of the stent into 
contact with the walls of the body vessel. Such covers can adversely effect the 
expansion characteristics of the stent by increasing the deployment pressure necessary to 
deploy the covered stent to the expanded state. Such covers can also cause 
asyrmnetrical expansion of the stent or incomplete expansion of portions or all of the 
20 stent. Additionally, deployment of the stent to the expanded state can cause the stent 
cover to tear and delaminate. 



Summary of the Invention 

The present invention provides a covered stent that predictably and 
25 dependably expands to an increased diameter state at relatively low deployment 
pressures while concomitantly minimizing the risk of tearing of the stent covering 
during expansion. The stent covering is comprised of an inner cover and an outer cover 
that are positioned adjacent the inner surface and outer surface, respectively, of the stent 
structure to cover the stent. The inner cover and the outer cover can be constructed from 
30 the same or different biocompatible materials, such as, fluoropolymers like expanded 
polytetrafluoroethylene, having a structure of nodes interconnected by fibrils. 



35 



The inventors have determined that decreasing the radial thickness of the 
covering and increasing the average intemodal distance (IND) of the fluoropolymer 
material forming the stent covering, reduces the deployment pressure necessary to 
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expand the covered stent. However, they also increase the incidence of tearing of the 
stent covering. 

In accordance with one aspect of the present invention, the stent covering 
5 has a radial thickness of at least about 0.008" when the stent is in the reduced diameter, 
unexpanded state. 

In accordance with another aspect of the present invention, the average 
intemodal distance of the fluoropolymer material forming either the inner cover or the 
10 outer cover is greater than 100 microns when the stent is in the reduced diameter, 

unexpanded state. In one preferred embodiment, the average IND of the fluoropolymer 
material forming either the inner cover or the outer cover can be at least about 110 
microns. In the most preferred embodiment, the average IND of the fluoropolymer 
material forming either the inner cover or the outer cover is at least about 135 microns. 

15 

In accordance with a further aspect of the present invention, the stent 
deploys from a reduced diameter configuration to an increased diameter configuration at 
an average deployment pressure of less than or equal to about 1 0 atm. In a preferred 
embodiment, the average deployment pressure of the stent is between about 4 atm and 
20 about 8 atm. 

The present invention further provides a method for covering a stent 
structure. The method includes the step of positioning an inner cover of fluoropolymer 
material within the stent structure adjacent the inner surface of the stent structure and 
25 positioning an outer cover of fluoropolymer material over the outer surface of the stent 
structure. A compression tube is placed over the outer cover and the covered stent 
structure is heated to bond the inner cover to the outer cover. 

The compression tube is preferably a tubular metal sleeve. In a preferred 
30 embodiment, a tube of fluoropolymer material is positioned between the outer cover and 
the compression tube. The compression tube and the tube of fluoropolymer material are 
removed after the covered stent structure is heated. 
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An adhesive can be applied to either the inner cover or the outer cover to 
facilitate bonding of the inner cover to the outer cover. The adhesive is preferably an 
aqueous dispersion of fluoropolymer material, such as PTFE. The aqueous dispersion 
can be heated after application to evaporate the aqueous component of the dispersion. 

5 

Brief Description of the Drawings 

These and other features and advantages of the present invention will be 
more fiilly understood by reference to the following detailed description in conjimction 
with the attached drawings in which like reference numerals refer to like elements 
10 through the different views. The drawings illustrate principles of the invention and, 
although not to scale, show relative dimensions. 

FIGURE 1 is a side elevational view in cross-section of a covered stent 
according to the teachings of the present invention; 

15 

FIGURE 2 is a cross-sectional view of the stent of FIGURE 1 along the 

line 2-2; 

FIGURE 3 is a flow chart illustrating a method of covering a stent 
20 according to the teachings of the present invention; 

FIGURE 4 is a side elevational view in cross-section of an end of a cover 
stent according to the teachings of the present invention; and 

25 FIGURES 5A-C are histology slides of a covered stent of the present 

invention deployed in the right iliac artery of a male pig. 

Detailed Description of Preferred Embodiments 

30 A radially expandable covered stent 10 in accordance with the teachings 

of the present invention is illustrated in FIGURES 1 and 2. The covered stent 10 is 
deployable from a reduced diameter, unexpanded configuration to an increased 
diameter, expanded configuration. The covered stent 10 is illustrated in FIGURES 1 
and 2 in the reduced diameter, unexpanded configuration. The covered stent 1 0 is 

35 comprised of a stent structure 12 and a stent covering 14. The properties of the stent 
covering 14, described in detail below, as well as the method of covering the stent 
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structure, described in detail below, allow the covered stent 1 0 to predictably and 
dependably expand to an increased diameter state at relatively low deployment pressures 
while concomitantly minimizing the risk of tearing of the stent covering during 
expansion. 



10 



15 



20 



X he - stent structure 13 can be a balloon expandable slotted stent such 
described in U.S. Patent No, 4,739,762 to Palmaz, incorporated herein by refereja<5e, as 
illustrated in FIGURES 1 and 2. Altematively, the stents described in cofHmonly- 
assigned U.S. Patent Application No. (Attorney Docket No. A7A-268), filed 

concurrently herewith, can be employed. Other types of ballopn expandable stents that 
can be used in the present invention include, for example/^WlTKOR stents described in 
U.S. Patent No. 4,969,458, STRECKER stents desprt^d in U.S. Patent No. 5,405,378, 
or PALMAZ-SCHATZ stents described in UXPatent No. 5,195,984. Altematively, 
self-expanding stents, such as, for example, Nitinol stents, stents described in 
commonly-ovmed U.S. Patent Application No. 09/237,197, filed January 25, 1999, 
GIANTURCO stents descrijjedin U.S. Patent No. 4,580,568 or WALLSTENTs 
described in U.S. Pateirt^o. 4,544,771, can be used in conjunction with the present 
invention. One ^^ed in the art will appreciate that the present invention is not limited 
to any partij^^ar stent design, and that any radially expandable stent can be employed in 
the pj;^^nt invention. All of the above-referenced patents and patent applications are 
:frnrpnrated herein by rofcrcncc r' 



The stent covering 14 is comprised of an inner cover 16 and an outer 
cover 18. The inner cover 16 is positioned within the lumen of the stent structure 12 and 

25 contacts the inner surface 20 of the stent structure 12. The outer cover 18 is positioned 
over the stent structure 12 and contacts the outer surface 22 of the stent stmcture 12. 
The inner cover 16 and the outer cover 18 are preferably bonded together in the space 
between the structural elements forming the stent structure 12. In this manner, the stent 
cover 14 surrounds and envelops the stent structure 12. It is preferable for the inner 

30 cover 16 and the outer cover 18 to extend along the entire length of the stent structure 
12, although, in certain applications, it may be desirable to cover only portions or a 
. portion of the length of the stent structure 12. 




The inner cover 16 and the outer cover 18 of the stent covering 14 can be 
constructed from knovm biologically compatible materials such as, for example, 
fluoropolymer materials. Various fluoropolymer materials are suitable for use in the 
5 present invention. Suitable fluoropolymer materials include, for example, 

polytetrafluoroethylene (PTFE) or copolymers of tetrafluoroethylene with other 
monomers. Such monomers include ethylene, chlorotrifluoroethylene, 
perfluoroalkoxytetrafluoroethylene, or fluorinated propylenes such as 
hexafluoropropylene. Expanded PTFE (ePTFE) is the preferred material of choice. 
10 ePTFE is characterized by a microstructure of nodes interconnected by fibrils and is a 
hydrophobic, biocompatible, inelastic material having a low coefficient of friction, 
making ePTFE particularly suited for covering stents. 



The inventors have determined that decreasing the radial thickness of the 
gi 15 stent covering 14 and increasing the average intemodal distance (IND) of the material 

J ' forming the stent covering 14, reduces the deployment pressure necessary to expand the 

O covered stent 10. However, this also increases the incidence of tearing of the stent 

fj covering 14 from expansion. It is desirable for the covered stent 10 to deploy from the 

^ unexpanded to the expanded configuration at deployment pressures of less than or equal 

O 20 about 10 atms. The covering applied to conventional stents can increase the deployment 

pressure necessary to deploy the stent. Conventional covered stents typically deploy at 
higher deployment pressures. Such higher deployment pressures may not be suitable for 
all treatment applications, particular the treatment of smaller sized body vessels. 



25 In one preferred embodiment of the covered stent 10 of the present 

invention, the thickness of stent covering 14, including both the inner and the outer 
covers 16, 18, is at least about .008" when the stent is in the unexpanded configuration. 
The thickness of the covering 14 is measured between the structural elements of the 
stent structure 12, as illustrated by arrow t in FIGURES 1 and 2. In addition, the 

30 average intemodal distance (IND) of the material forming either the inner cover 16 or 
the outer cover 18 of the stent covering 14 is preferably greater than 100 microns. The 
average IND of either the inner cover 16 or the outer cover 18 of the stent covering 14 
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can be at least about 1 10 microns, and in one preferred embodiment the average IND of 
either the inner cover 16 or the outer cover 18 is greater than or equal to about 135 
microns. 

5 A method of covering a stent in accordance with the present invention is 

illustrated in the flow chart of FIGURE 3. To form the inner cover of the stent covering, 
a tube of ePTFE is produced, step 50. The ePTFE tube is preferably produced through 
an extrusion and a longitudinal expansion process. An exemplary extrusion and 
expansion process is described below, however, one skilled in the art will appreciate that 

1 0 alternative processes for producing an ePTFE tube may be utilized without departing 
from the scope of the present invention. According to the exemplary process, a billet 
comprising a PTFE resin mixed with an organic lubricant is utilized. Various organic 
lubricants are suitable such as naphtha, ISOPAR-G and ISOPAR-H available from 
Exxon Corporation. The blended resin is compressed at low pressure to yield a tubular 

15 billet of PTFE resin and lubricant. The tubular billet is then extruded through an 
extruder, for example a ram extruder, to reduce the cross section of the billet and to 
yield a tubular extrudate. The organic lubricant can be removed from the extrudate by 
drying the extrudate in a heated oven. Once the tubular extrudate is produced, the 
extrudate is expanded by longitudinal stretching. After the extrudate has been stretched, 

20 it is heat set to lock in the microstructure of the material to complete the process of the 
forming the tube of ePTFE. 

One skilled in the art will appreciate that the inner cover of the stent can 
be formed by other known methods of covering or coating without departing from the 
25 scope of the present invention. For example, the inner cover can be constructed from 
tape or wrap of ePTFE or other material that can be wrapped about a mandrel to form 
the inner cover. 

The stent structure is placed over the ePTFE tube, step 52, preferably 

30 after mounting the ePTFE tube on a mandrel. The stent structure is preferably covered 

r 

in the reduced diameter, unexpanded configuration. An adhesive can be optionally 
applied to the ePTFE tube to facilitate bonding of the ePTFE tube to the outer cover. 
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* step 54. The adhesive can be applied directly to the ePTFE tube, or can be applied to 
the outer covering. Any adhesive suitable for bonding ePTFE, or other covering 
materials, can be used. A preferred adhesive is an aqueous dispersion of PTFE, such as 
FLUON™ ADl, available from ICI Fluoropolymers of Wilmington, DE. If an aqueous 
5 dispersion of ePTFE is utilized as the adhesive, the aqueous dispersion is heated after 
application to evaporate the aqueous component of the dispersion, step 56. 

The outer cover is then provided on the stent structure, step 58. The 
outer cover can be a separate tube of ePTFE or other suitable material, a wrap of 
1 0 fluoropolymer material such as a wrap of TEFLON tape, or other suitable covering 
materials. In one preferred embodiment, the ePTFE tube forming the inner cover is 
folded over the outer surface of the stent stmcture to form the outer cover. An 
exemplary method of covering a stent structure in this maimer is described in commonly 
owned U.S. Patent No. 6,010,529, incorporated herein by reference. 

15 

FIGURE 4 illustrates one end of an exemplary covered stent 1 10 in 
which the inner cover 1 16 is folded over the outer surface 122 of the stent structure 112 
to form the outer cover 118. This embodiment provides a two-layer outer cover 118. 
The stent structure 112 can be covered by initially selecting an ePTFE tube for forming 

20 the inner cover 116 that is longer than the stent structure 112. The stent structure 1 12 is 
positioned coaxially extemal to and centrally along the length of the ePTFE tube. A 
first portion of the ePTFE tube extending from one end of the tube can be folded over 
the stent structure into contact with the outer surface 122 of the stent structure 1 12, to 
form the first outer cover layer 1 18A. A second portion of the ePTFE tube extending 

25 from the other end of the stent structure 112 then can be folded over the stent structure 
112 into contact with the first portion of the ePTFE tube, to form the second cover layer 
1 1 8B. This results in the outer cover 118 having two layers, 1 1 8 A and 1 1 8B, 
corresponding to the portions of the ePTFE tube extending from the stent structure. 

30 Referring again to FIGURE 3, once the outer cover is in place, a second 

tube of ePTFE or other material is placed over the covered stent, step 60. A 
compression tube is positioned over the second tube of ePTFE, step 62. The 
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compression tube and the second ePTFE tube are selected to have an inner diameter that 
is less than the diameter of the outer cover of the covered stent. The length of the 
compression tube and length of the second ePTFE tube each are preferably greater than 
or equal to the length of stent structure. It is important for the second tube to be 
5 constructed from a material that will not bond to ePTFE and for the compression tube to 
be constructed from a material that will not bond to the second tube. Preferable 
materials for the compression member tube include, but are not limited to, metal and 
metal alloys, such as stainless steel. 

1 0 The covered stent structure is heated with the compression tube and the 

second ePTFE tube in place, step 64. The compression tube and second tube compress 
the covering material during heating, thereby forcing together the inner cover and the 
outer cover around the stent structure. Thus, the compression tube and second tube 
operate to facilitate the bonding of the inner cover to the outer cover. In addition, the 

1 5 compression tube, second tube and mandrel maintain the outer and inner diameter of the 
covered stent constant during the heating process, allowing the covered stent to be 
manufactured to a predetermined and predictable initial diameter. After heating, the 
compression tube, second ePTFE tube and mandrel are removed, step 66. 

20 One skilled in the art will appreciate that the use of the compression tube 

and/or the second tube of ePTFE is optional. Heating of the covered stent can be 
sufficient to effect bonding of the irmer cover to the outer cover. In addition, the inner 
cover and the outer cover are not limited to single layers. Additional layers of the same 
or different covering materials may be provided on the either the inner cover and/or the 

25 outer cover. 



process parameters used to create the ePTFE tube(s) used to form the stent covering 
For example, the average IND of the stent covering can be adjusting by varying the 
30 amount of lubricant or the amount of PTFE resin used to create the PTFE billet. In 
addition, the average IND can be adjusted by varying the stretch rate and the stretch 



The properties of the stent covering can be adjusted by varying the 
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ratio of the expansion process. Likewise, the thickness of the stent cover can be 
adjusted by varying the thickness of the ePTFE tube(s) employed. 

In one preferred embodiment, the stent covering is homogeneous, i.e. the 
5 fluoropolymer material selected for the inner cover is the same fluoropolymer material 
selected for the outer cover and the inner cover and the outer cover each have an 
identical or substantially similar average IND. The use of a homogeneous stent 
covering provides uniform and consistent expansion characteristics to the stent covering 
and can contribute to minimizing tearing of the stent covering during expansion. Thus, 
10 in one preferred embodiment, both the inner cover and the outer cover are constructed 
^ from ePTFE and the inner cover and the outer cover have an identical or substantially 

^fl similar average IND that is greater than 100 microns. 

s = I 

'2 One skilled in the art will appreciate that different materials can be used 

01 1 5 to form the inner cover and the outer cover, to provide a non-homogeneous or 
I" heterogeneous stent covering, without departing from the scope of the present invention. 

H For example, a heterogeneous stent covering can be manufactured by forming the inner 

"Si 

fU cover from a tube formed of a first material and forming the outer cover from a tube 

~ formed of a second material distinct from the first material. 

O 20 

Likewise, the average IND of the inner cover can be distinct from the 
average IND of the outer cover, to provide a stent covering having a non-uniform 
average IND, without departing from the scope of the present invention. For example, 
in certain applications it may be desirable to provide the outer cover with an average 

25 IND greater than the average IND of the inner cover, or vice versa, to modify the 

expansion characteristics of the covered stent. For example, a stent covering having a 
non-imiform average IND can be manufactured by forming the inner cover from a tube 
having a first average IND and by forming the outer cover from a tube having a second 
average IND, distinct from the first average IND. Alternatively, a single tube having an 

30 average IND that varies along its length can be used to form both the inner cover and the 
outer cover, in accordance with the folding method described above. 
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Regardless of whether the stent covering of the covered stent of the 
present invention is homogeneous or heterogeneous, or has a uniform or non-uniform 
average IND, it is preferable for either the inner cover or the outer cover of the stent 
covering to have an average IND greater than 100 microns. 

5 

Example 1 

Balloon expandable PALMAZ-type slotted stents were covered with 
ePTFE in accordance with the method of covering a stent described above. The 
expanded diameter of each stent was 9mm. Each stent included an inner cover of 
10 ePTFE and a two-layer outer cover of ePTFE as illustrated in FIGURE 4 above. The 
inner cover of each stent was formed from an ePTFE tube that was folded over the stent 
structure to create the outer cover of the covered stent. 



A first lot of five stents, Lot 1 in Table 1 below, were covered using an 
15 ePTFE tube having an average wall thickness 0.0073 in. and an average IND of 137 
microns. A second lot of five stents, Lot 2 in Table 1 below, were covered using an 
ePTFE tube having an average wall thickness of 0.010 in and an average IND of 139. A 
third lot of four stents. Lot 3 in Table 1 below, were covered using an ePTFE tube 
having an average wall thickness of 0.016 in and an average IND of 147. After 
20 covering, the cover wall thickness of each stent in the three lots was 0.009 in. Cover 
wall thickness refers to the thickness of the stent covering, measured between the 
elements of the stent structure, when the covered stent is in the vmexpanded state. 

Each of the stents was expanded once using a 9mm PET balloon. The 
25 average deployment pressure of each lot of stents was determined. The results of the 
tests are set forth in Table 1 . 



Table 1 



Covered Stent 


ePTFE Tube Wall 


Cover Wall 


Average IND 


Avg. Deployment 




Thickness (in.) 


Thickness (in.) 


(microns) 


Pressure (ATM) 


1 


0.0073 


0.009 


137 


4.6 


2 


0.01 


0.009 


139 


5.4 


3 


0.016 


0.009 


147 


7.4 
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Each covered stent deployed to the 9 mm expanded configuration at 
relatively low average deployment pressures, i.e. less than 10 atm, and, more 
particularly, in the 4 atm to 8 atm range. Holes were observed in the covering of the 
5 stents of Lot 1 during expansion of the covered stent to the 9 mm expanded 

configuration. No holes or tearing were observed in the stent covering of the stents of 
Lots 2 and 3. The covered stents of Lots 2 and 3 each successfully deployed to the 9 mm 
expanded configuration with the stent covering intact. 



10 Example 2 

■ Animal studios w o re conducted in which eight covered stents werg; 
deployed in the arteries of two male pigs to observe the cellular respon§e-4crtfie stents. 
The stents employed were balloon expandable stents of thetype-tlescribed in commonly- 
assigned U.S. Patent Application No. (Attopi@yT5ocket No. ATA-268), filed 
1 5 concurrently herewith. The stents were^cevgfed in accordance with the method 

described above. A single ePJFB'tube was utilized to provide the inner cover and the 
outer cover. The stejjts^Iad expanded diameters of 6 - 8 mm. The ePTFE used to cover 
each stentjaadawall thickness of 0.01 in. and an average IND of 139 microns in the 
: panded configui^ation." ' > 
20 

The covered stents were deployed in the left carotid artery, the right 
carotid artery, the left iliac artery, and the right iliac artery of two male pigs. The 
covered stents were deployed with a catheter delivered PET balloon using standard 
operative techniques. Each stent deployed successfully at approximately 6 atm. The 
25 pigs were sacrificed after 28 days. The stented vessels were explanted at the time of 
sacrifice and prepared for histology slides. 



FIGURES 5A-C are histology slides at varying magnifications (20X, 
lOX and SOX, respectively) of the middle of one of the stents deployed in the right iliac 
30 artery of a 27 kg male pig. The histology slides illustrate the presence of only a thin 
layer of endothelial cells indicating no hyperplasia. 

Since certain changes may be made in the above constructions without 
departing from the scope of the invention, it is intended that all matter contained in the 
35 above description or shown in the accompanying drawings be interpreted as illustrative 
and not in a limiting sense. 
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It is also to be understood that the following claims are to cover all 
generic and specific features of the invention described herein, and all statements of the 
scope of the invention which, as a matter of language, might be said to fall 
therebetween. 

Having described the invention, what is claimed as new and desired to be 
secured by Letters Patent is: 



